Background. Use of small-bore pigtail catheter is a less invasive way for draining pleural effusions than chest tube thoracostomy. Methods. Prospectively, we evaluated efficacy and safety of pigtail catheter (8.5-14 French) insertion in 51 cases of pleural effusion of various etiologies. Malignant effusion cases had pleurodesis done through the catheter. Results. Duration of drainage of pleural fluid was 3-14 days. Complications included pain (23 patients), pneumothorax (10 patients), catheter blockage (two patients), and infection (one patient). Overall success rate was 82.35% (85.71% for transudative, 83.33% for tuberculous, 81.81% for malignant, and 80% for parapneumonic effusion). Nine cases had procedure failure, five due to loculated effusions, and four due to rapid reaccumulation of fluid after catheter removal. Only two empyema cases (out of six) had a successful procedure. Conclusion. Pigtail catheter insertion is an effective and safe method of draining pleural fluid. We encourage its use for all cases of pleural effusion requiring chest drain except for empyema and other loculated effusions that yielded low success rate.
Introduction
Pleura is divided into a parietal layer which lines the inner aspect of the chest wall and a visceral layer which covers the lung and lines the interlobar fissures [1] . Pleural effusion is the abnormal accumulation of fluid in the pleural space. A pleural effusion is always abnormal and indicates the presence of an underlying disease. Approximately 1.4 million people in the United States develop a pleural effusion each year [2] . Normal liquid and protein enter pleura space from the systemic circulation and are removed by the parietal pleural lymphatics. Because the mesothelial boundaries are leaky, excess liquid can move across into the lower pressure (intrapleural), high-capacitance space and collect as a pleural effusion. These effusions can form based on disease of the pleural membranes themselves or disease of thoracic or abdominal organs [3] .
Fluid collection within the pleural cavity can be assessed with clinical and radiological means. When pleural effusion is detected, the characteristics of the fluid (exudate or transudate) must be revealed using thoracocentesis [1] .
Tube thoracostomy remains the standard of care for the treatment of pneumothorax and simple effusions in most hospitals [4] . Placement of a large-bore chest tube is an invasive procedure with potential morbidity and complications and therefore the use of small-bore pigtail catheter may be desirable [5] .
The aim of this study was to evaluate the efficacy and complications of using pigtail catheter in drainage of pleural effusion as a less invasive alternative to traditional chest tube insertion.
Materials and Methods
The current work is a prospective noncontrolled study for revision of inpatient pigtail catheter insertions performed between January 2009 and May 2010 at the international hospital of Bahrain, a tertiary care hospital, Kingdom of Bahrain.
All adult patients with pleural effusions who were planned to have chest tube insertion were included. Informed signed consent was obtained from all patients eligible to participate in the study. The local ethical committee approved the study protocol. The diagnosis of pleural effusion was based on clinical and chest X-ray findings and confirmed by a diagnostic thoracocentesis (less than 50 mL).
Pigtail catheters (Dawson-Mueller Drainage Catheters, Cook Medical Interventional Radiology, UK) had the size of 8.5-14 French (2.8-4.7 mm in diameter).
Detailed history taking and complete medical examination were done to all patients. Coagulation profile was done to all patients. Chest radiographs were done before and after the procedure to determine efficacy of drainage ( Figure 1 ). All procedures were done at the bedside under local anesthesia with 3 to 6 mL of lidocaine 2% and with ultrasonic guidance. The site of catheter insertion was determined according to ultrasound findings. In most cases, the site of insertion was in the 5th or the 6th intercostals space in the mid-axillary line.
Needles were inserted just above the top of the rib to avoid injury of the intercostal bundle. A small (22 gauge) "finder needle" was employed before inserting the larger needle provided with the kit. Insertion of pigtail catheters was done using the modified Seldinger technique [6] and in accordance with the British Thoracic Society guideline for insertion of chest drain [7] . In brief, few cubic centimeters of pleural fluid were withdrawn with the needle to confirm that the distal end of the needle is inside the pleural cavity, and passage of the guide wire into the pleural space became effortless. Development of an adequate tract with the dilator and insertion of the pigtail catheter so that the side holes are well within the pleural cavity are important for proper function. The pigtail catheters were attached to standard thoracic drainage system (SIMS Portex Limited, Hythe, Kent CT21 6JL, UK). The catheters were removed as soon as the drainage was less than 100 mL per day for 3 consecutive days.
The therapy was considered successful if the opacity cleared on chest radiograph and confirmed on ultrasonography of the thorax and also if there was no need for a second intervention (repeat pigtail placement, tube thoracostomy, or operation) within 72 hours after removal of the pigtail catheter.
Patients were given, beside pigtail catheter insertion, the standard therapy according to the cause of pleural effusion. For malignant pleural effusion, pleurodesis was done using bleomycin (0.75 mg/kg was administered as a single dose. An additional dose was given if daily fluid output did not drop to less than 100 mL/day within 3 days). For tuberculous pleural effusion, standard antituberculous chemotherapy and corticosteroids were given. For parapneumonic effusions, antibiotics were given according to the American thoracic society recommendations [8] . For cases of heart failure, antifailure treatment and diuretics were given. For hypoproteinemia cases, albumin infusion and diuretics were given.
The end point of the study was either the resolution of the effusion and a decision to remove the catheter or the need for another intervention.
Results
The current study reviews our experience with 51 cases having pigtail catheters inserted for treatment of pleural effusion over a sixteen-month period. Eleven patients had malignant pleural effusion (five cases secondary to nonsmall cell lung cancer, two cases secondary to breast cancer, two cases secondary to gastrointestinal cancer, and two cases with malignant mesothelioma). Six patients had tuberculous pleural effusion. Twenty patients had parapneumonic effusion: six of them had empyema. Fourteen cases had transudative pleural effusion; eight secondary to heart failure and six secondary to hypoproteinemia. Age and sex of the patients are shown in Table 1 .
The duration of drainage of pleural fluid using pigtail catheter ranged between three and 14 days with a mean of 5.8 ± 2.4 days. The amount of pleural fluid drained was 2389.4 ± 480.5 mL ( Table 1) .
Complications of pigtail catheter included pain at the insertion site requiring analgesia in 23 patients, pneumothorax in ten patients, blockage of the catheter in two patients, and infection in one patient (Table 1) . Pneumothoraces were resolved spontaneously through the same catheter. Blockage of the catheters and infection were associated with procedure failure. Pigtail catheter drainage of pleural effusion was successful in 42 out of 51 patients with a success rate of 82.35%. The success rate was highest with transudative pleural effusion (12 out of 14, 85.71%), followed by tuberculous effusion (five out of six, 83.33%), then malignant pleural effusion (nine out of 11, 81.81%), and finally parapneumonic pleural effusion (16 out of 20, 80%) ( Figure 2 ). Among the six cases of empyema, the procedure was successful only in two of them (success rate 33.33%).
Among the nine cases of failure, five of them were due to loculated effusions (four with empyema and one with tuberculous effusion), and four of them were due to rapid re-accumulation of the fluid after removal of the catheter (one case of heart failure, one case of hypoproteinemia, and two cases of malignant effusion with failure of pleurodesis). In both parapneumonic and tuberculous pleural effusion groups, all failures were associated with presence of loculation ( Table 2 ). If the cases of loculated pleural effusions are excluded, the success rate increases to 91.3% (42 out of 46).
Discussion
The recent interest in the use of small-bore catheters for pleural effusion drainage is based on the idea that it may be less invasive procedure and thus better tolerated by patients compared to standard large-bore chest tubes, with no compromise in efficacy.
In our study, the mean duration of pleural fluid drainage using pigtail catheter was 5.8 days (3-14 days). In other studies, the durations of drainage of pleural fluid using a pigtail catheter were more or less similar to our results. Parulekar et al. [9] reported a mean period of drainage of six days (three to 21 days). Liu et al. [10] reported a mean duration of drainage of 6.1 days. Gammie et al. [11] found a mean duration of drainage of 97 hours. Saffran et al. [12] reported duration of drainage ranged from one to ten days. Patz et al. [13] reported a duration of catheter drainage of two to 11 days (mean 5.1 days).
In the present study, complications of pigtail catheter insertion included pain at the insertion site requiring analgesia (45.09%), pneumothorax (19.6%), blockage of the catheter (3.92%), and infection (1.96%). Pneumothoraces were resolved spontaneously through the same catheter. Blockage of the catheters and infection were associated with procedure failure. Pain caused by chest drain insertion is less with using pigtail catheters as they do not impinge on the neurovascular bundle or alter the geometry of the intercostals space. In contrast, chest tubes, with their excessive size, cause pain by compressing the neurovascular bundle at the top of the intercostals space as well as by levering open the intercostals space [14] .
On reviewing the literatures, pigtail catheter insertion was usually safe with little chance for complications. Roberts et al. [5] found that five percent of pigtail catheter placements were associated with serious complications (hemothorax, pnuemothorax, and hepatic perforation) and the overall complications of catheter use occurred in 20% of patients and included failure to drain, dislodgement, kinking, empyema, and disconnection.
Walsh et al. [15] found minimal complications with the use of pigtail catheter for pleural effusion drainage. Spontaneously resolving, small, apical pneumothoraces developed in four of the 15 patients. One patient experienced reexpansion pulmonary edema.
Seaton et al. [16] found that the complication rate was low and consisted of symptoms such as pain and fever with using small tube drainage and doxycycline sclerotherapy.
Liu et al. [10] reviewed 276 patients who underwent pigtail catheters (size from ten to 16 French) under ultrasound guidance for drainage of pleural effusions of various etiologies and pneumothoraces. Only ten (3.0%) drains had complications due to the procedure, including (2) 67-year-old male with malignant pleural effusion. Pigtail catheter was removed after pleurodesis. Fluid re-accumulated indicating failure of pleurodesis.
(3) 45-year-old male with tuberculous pleural effusion (loculated). Serial radiography showed persistence of the effusion with failure of the drainage.
(4) 52-year-old female with empyema with loculations. Pigtail catheter was blocked with failure of the drainage. Trial of clearing the catheter using the guide wire failed. (5) 59-year-old male with empyema with loculations. Serial radiography showed persistence of the effusion with failure of the drainage. (6) 67-year-old male with empyema with loculations. Pigtail catheter was blocked with failure of the drainage. Trial of clearing the catheter using the guide wire failed. (7) 58-year-old male with empyema with loculations. Serial radiography showed persistence of the effusion with failure of the drainage. infection (1.2%), dislodgment (1.2%), wound bleeding at the puncture area complicated with hemothoraces (0.3%), and lung puncture (0.3%). There was no significant difference in success rate when different catheter sizes were used to treat pleural diseases. The incidence and significance of pneumothorax after small-bore catheter placement for malignant pleural effusions was examined by Chang et al. [17] in a retrospective review of 88 patients treated over a two-year period. Twentyseven patients (31%) developed a pneumothorax. Resolution occurred in 22 patients. No complications such as tension pneumothorax or respiratory distress were reported. In another study, Morrison et al. [18] found that pneumothorax occurred in 19% of cases with malignant pleural effusion treated with pigtail catheter insertions. All pneumothoraces were insignificant and authors attribute them to the use of Seldinger technique.
Saffran et al. [12] used a 14F pigtail catheter in ten patients with malignant pleural effusion in an ambulatory base and after that pleurodesis was done with talc. Catheter dislodgment occurred in two patients with inability to do pleurodesis. One experienced a hydropneumothorax, for which pleurodesis was unsuccessful. One died in hospital on day 26 after pleurodesis despite radiographic resolution.
Patz et al. [13] published a series of 19 patients with malignant effusions who underwent ambulatory pleurodesis (with bleomycin) using small-bore (10.3F) catheter drainage. One patient had a wound infection and empyema that necessitated hospitalization for six days.
Warren et al. [19] used pigtail catheter in 202 patients with symptomatic malignant pleural effusions on an outpatient basis. Reaccumulation of the pleural effusion occurred in 3.8% of cases. The incidence of infection was 2.2%. The incidence of blockage was 4.8%.
In the present study, pigtail catheter drainage of pleural effusion was successful in 82.35% of cases. The success rate was highest with transudative pleural effusion (85.71%), followed by tuberculous effusion (83.33%), then malignant pleural effusion (81.81%), and finally parapneumonic pleural effusion (80%). Among the six cases of empyema, the procedure was successful only in two of them (success rate 33.33%).
Success rates of using pigtail catheter in other studies were comparable to our findings. Liu et al. [10] found that the success rate of pigtail catheter insertion was highest when the drain was used to treat massive transudate effusions (81.6%) and malignant pleural effusions (75.5%), followed by parapneumonic effusions/empyemas (72.2%), hemothoraces (66.6%), and pneumothoraces (64.0%).
In another study, Liang et al. [20] found that the success rate of ultrasound-guided pigtail catheter drainage of pleural effusions in the ICU was highest when used to treat traumatic hemothorax (100%) and postoperative pleural effusions (85%); drains inserted for empyema were more likely to fail (overall success rate, 42%). No significant insertion complications, such as hollow organ perforation, were caused by this procedure.
Gammie et al. [11] found that clinical success rates of pigtail catheter insertion for drainage of pleural effusion were 86% with no reported complications.
Grodzin and Balk [21] demonstrated that the use of a small indwelling pleural catheter was more cost-effective when used in place of a closed tube thoracostomy for drainage of large-volume pleural effusions.
Chung et al. [22] demonstrated that pigtail catheter insertion may hasten resolution of tuberculous pleural effusion and reduce the occurrence of residual pleural thickening. On the contrary, Lai et al. [23] found that pigtail catheter insertion for cases of tuberculous pleural effusion had no beneficial effects on residual pleural thickening development and did not shorten the duration of fever. The only positive effect found in the drainage group was a more rapid resolution of dyspnoea.
In accordance with the results of our study, Sartori et al. [24] reported a success rate of 84.3% with using a nine-French intrapleural catheter insertion under sonographic guidance followed by bleomycin pleurodesis in 160 patients with rapidly recurrent malignant pleural effusion.
Seaton et al. [16] studied the use of small tube drainage and doxycycline sclerotherapy for malignant pleural effusion and reported a success rate of 81%.
Parker et al. [25] compared the efficacy of small-bore catheter drainage and pleurodesis to traditional drainage with standard chest tube in 24 malignant pleural effusions. Eight of 13 effusions were adequately treated using the smallbore catheter, compared with four of 11 effusions treated with the standard chest tube.
In a retrospective study, Parulekar et al. [9] found that small-bore catheter 12 French was as effective as standard chest tube for drainage of malignant pleural effusion and pleurodesis without significant differences in the rate of complications.
Walsh et al. [15] treated 15 consecutive patients with symptomatic malignant pleural effusion using a nine-French catheter. Eleven of 12 patients who lived for more than four weeks had objective clinical responses.
Patz et al. in [13] reported a success rate of 79% with the use of ambulatory pigtail catheter and pleurodesis for malignant effusions.
In our study, it was found that among the nine cases of failure, five of them were due to loculated effusions, and four of them were due to rapid reaccumulation of the fluid after removal of the catheter. In both parapneumonic and tuberculous pleural effusion groups, all failures were associated with presence of loculation. We found that exclusion of patients with preplacement evidence of loculated effusions would have yielded a success rate of 91.3% for effusions treated by pigtail catheter drainage.
Gammie et al. [11] found that eleven out of 77 pigtail catheter placements for pleural effusions were not successful. Four failures were associated with loculated fluid collections that required either operation or radiographically guided drainage for resolution. In two cases, pigtail catheters were removed when they were draining in excess of 1000 mL of fluid per day, and the underlying effusions reaccumulated. They reported that exclusion of patients with preplacement evidence of loculated effusions and postponement of pigtail removal in the face of excess drainage would have yielded a success rate of 94% for effusions treated by pigtail catheter drainage.
Conclusion
Pigtail catheter insertion is an effective and safe method of draining pleural fluid. We encourage its use for all cases of pleural effusion requiring chest drain except for empyema and other loculated pleural effusions that yielded low success rate. Future studies are needed to compare pigtail catheter and other small bore drains with and without using Seldinger technique.
